Much energy-related construction causes environmental concern. Sometimes the environmental issue is so huge that it is difficult to make a policy decision even with the assistance of traditional valuation techniques. The third natural gas receiving station at Datan, Taiwan, is one example of this. The construction would be beneficial to energy security, economic development, and particulate matter (PM) 2.5 reduction. However, it would destroy a precious algal reef, which is a habitat for endangered species, biodiversity, and a unique ecological system. Thus, we used willingness-to-pay to show the strength of both pro-energy and pro-ecology opinions specifically to help with decision-making. First, respondents were asked to choose between the gas station and the reef. Then they were asked about their willingness to pay for that choice. We then estimated parametric/nonparametric models-traditional probit, structured probit, and Turnbull-to obtain reliable estimates. We found that the per-person value for pro-gas-station respondents was higher than that for pro-reef respondents, while the percentage of pro-reef respondents was higher than the percentage of pro-gas-station respondents. These results together form a clear policy implication for this case.
Introduction
Many energy-related facilities cause environmental concerns [1] . Some energy-related events have the same impact on everyone. For example, the famous Exxon Valdez oil spill had a negative ecological impact on all citizens. Furthermore, many energy-related facilities are highly controversial, making it difficult for governments to make decisions. The third natural gas receiving station at Datan, located in Taoyuan County in Taiwan, is one example. It is an important energy facility that has a high positive value, but because it would destroy a precious algal reef [2] , it also has a high negative value. There are major benefits associated with the construction of the third natural gas receiving station, including energy security, economic development, and particulate matter (e.g., PM 2.5) reduction. However, the algal reef in the Datan area is valuable and has abounding biodiversity and endangered species that need to be preserved.
There are two liquefied natural gas (LNG) fueling stations available in Taiwan. For comparison, as of 2019, approximately 75 LNG fueling stations were available in the United States [3] . Taiwan is trying to build its third LNG station. The proposal was initiated from the previous government's plan for prudent nuclear reduction, and the current government's goal of a non-nuclear-powered homeland is at stake. In August 2017, the single-day reserved capacity rate of power generation in Taiwan Several value studies are directly related to natural gas. First, household natural gas security was studied by Damigos et al. and by Kim et al. [11, 21] . Damigos et al. used 793 observations by telephone survey to estimate Greek households' willingness to pay (WTP) for securing natural gas generating electricity [21] . The Kaplan-Meier product limit nonparametric estimator and parametric estimator (Tobit, interval data, least squared) were used. They found that the household WTP was between 6.3 € and 26.6 € per year. Kim et al. used the choice experiment method to estimate the value of improving household natural gas supply reliability in South Korea [11] . More than 80% of households in South Korea use natural gas; thus, this is an interesting issue. They found that households were willing to pay a 0.10%, 2.94%, 5.16%, and 1.94% increase in their residential natural gas bill for shorter supply interruptions, avoidance of winter interruptions, prevention of interruptions during off-daytime rather than daytime hours, and prevention of interruptions during weekdays rather than weekends, respectively. Jang et al. used a one-and-one-half-bound dichotomous choice model combined with a spike model to find that the average WTP for an increase in the Korean LNG storage rate from 11% to 20% was USD8.68 [22] . Moreira and Caetano used the CVM to estimate the WTP for marine-use LNG in contrast to less environmentally friendly traditional fuels [23] . They found that the WTP value was about 6.6-7.2 € per person. The health, climate, and nonhealth benefits were 9.7 million €, 8 million €, and 1053 million €, respectively, and the social costs were 1053 million €. In addition, Kim et al. used the translog production function to find that the value of industrial natural gas (ING) was USD2.07 per , which was 3.61 times as much as the average price [24] . Though not directly estimating the WTP of natural gas, Woo et al. found that Korean households were willing to pay USD1.80 per month to replace nuclear power with renewables or LNG [19] . However, the willingness to pay for the construction of the third gas station and harbor in Taiwan has not been estimated before.
In contrast, valuation related to marine environments (including beaches, coral reefs, seagrass meadows, mangroves, and coastal areas) accounts for a large percentage (about 18.4%) of the ecosystem services research in the past 20 years [25] . Coral reefs provide recreational services (diving, fishing, snorkeling, viewing) [26] and other functions (fish and marine life habitats, ocean clearing, biodiversity, etc.) and are, thus, highly valuable. The valuation of coral reefs started in the late 1980s, and there are more than 100 studies [27] . 
Literature Review
Valuation studies using the contingent valuation method (CVM) and choice experiments related to energy issues are abundant [9] . These studies cover a wide range of topics, such as renewable energy [10] [11] [12] , nuclear [3, 9, 13] , coal [14, 15] , and other subjects, such as the carbon issue [16] and energy structures [17] [18] [19] . There are also studies related to other aspects of natural gas, such as the shortage risks [20] . However, value studies related to natural gas, although important, are relatively uncommon.
Several value studies are directly related to natural gas. First, household natural gas security was studied by Damigos et al. and by Kim et al. [11, 21] . Damigos et al. used 793 observations by telephone survey to estimate Greek households' willingness to pay (WTP) for securing natural gas generating electricity [21] . The Kaplan-Meier product limit nonparametric estimator and parametric estimator (Tobit, interval data, least squared) were used. They found that the household WTP was between 6.3 € and 26.6 € per year. Kim et al. used the choice experiment method to estimate the value of improving household natural gas supply reliability in South Korea [11] . More than 80% of households in South Korea use natural gas; thus, this is an interesting issue. They found that households were willing to pay a 0.10%, 2.94%, 5.16%, and 1.94% increase in their residential natural gas bill for shorter supply interruptions, avoidance of winter interruptions, prevention of interruptions during off-daytime rather than daytime hours, and prevention of interruptions during weekdays rather than weekends, respectively. Jang et al. used a one-and-one-half-bound dichotomous choice model combined with a spike model to find that the average WTP for an increase in the Korean LNG storage rate from 11% to 20% was USD8.68 [22] . Moreira and Caetano used the CVM to estimate the WTP for marine-use LNG in contrast to less environmentally friendly traditional fuels [23] . They found that the WTP value was about 6.6-7.2 € per person. The health, climate, and nonhealth benefits were 9.7 million €, 8 million €, and 1053 million €, respectively, and the social costs were 1053 million €. In addition, Kim et al. used the translog production function to find that the value of industrial natural gas (ING) was USD2.07 per m 3 , which was 3.61 times as much as the average price [24] . Though not directly estimating the WTP of natural gas, Woo et al. found that Korean households were willing to pay USD1.80 per month to replace nuclear power with renewables or LNG [19] . However, the willingness to pay for the construction of the third gas station and harbor in Taiwan has not been estimated before. In contrast, valuation related to marine environments (including beaches, coral reefs, seagrass meadows, mangroves, and coastal areas) accounts for a large percentage (about 18.4%) of the ecosystem services research in the past 20 years [25] . Coral reefs provide recreational services (diving, fishing, snorkeling, viewing) [26] and other functions (fish and marine life habitats, ocean clearing, biodiversity, etc.) and are, thus, highly valuable. The valuation of coral reefs started in the late 1980s, and there are more than 100 studies [27] .
Coral reef valuation can be based on an ecosystem viewpoint. De Groot et al. estimated the value of ecological systems, and coral reefs are among the major habitats in the ecological system [28] . [29] . They found that the value was, on average, USD482,428 per square kilometer per year.
Coral reef valuation often uses one or both major nonmarket valuation techniques; the travel cost method [30] [31] [32] and the contingent valuation method [30, [32] [33] [34] .
Coral reef valuation can also use meta-analysis [26, 35] . Brander et al. used meta-analysis and the benefit transfer technique to estimate the recreational value of coral reefs [27] . They found that the global average was USD184 per person per visit. Using 85 observations from 27 studies with the contingent valuation method (CVM) or the travel cost method (TCM), Londoño and Johnston, taking account of heterogeneity in culture, currency, habits, and reef status, improved the coral reef meta-regression model [35] .
There are many valuation studies regarding coral reefs, but besides the current research, there is only one other study, by Hsu [27] . Lastly, Lee et al. [38] used a random parameter logit choice experiment (CE) method with an in-person survey to estimate the value of different types of visitors regarding the Kenting coral reef.
The contingent valuation method is designed to elicit preferences [39] [40] [41] [42] [43] [44] . The merit of contingent valuation is that it can estimate values besides recreational usage. Thus, for our purpose, the CVM is most suitable. However, the energy-related algal reef protection issue in Taiwan is extremely controversial, and the government may not even know whether they should build the gas station or protect the algal reef. Thus, the traditional CVM is not sufficient to assist policy decisions in this case. The combined double-bounded model developed by Liao et al. [6] , which combines the data from the two groups, provides a possible solution. Inspired by Liao et al. [6] , the current research modified the traditional CVM to allow for the incorporation of survey results of both the pro-gas-station and pro-algal-reef groups. By doing so, the opinions of the public are more clearly demonstrated, and the value estimation is more useful.
Methodology
We estimated several parametric models for the purpose of covariate and model specification tests, and nonparametric models for estimating WTP to show the strength of each group (Figure 2 ). The parametric models included the traditional probit model and the structured probit for each group. The nonparametric model was the Turnbull model. The structured probit is new in contingent valuation and is an extension of the traditional probit. We introduce probit in Section 3.1 and structured probit in Section 3.2. We then explain the equation for the Turnbull WTP after the estimation. The double-bounded (DB) dichotomous choice framework has higher statistical efficiency than the single-bounded framework. However, we did not collect the response of the second bid; thus, it is not Energies 2019, 12, 4682 5 of 18 possible for us to estimate a DB model. Fortunately, a single-bounded framework has the merit of being incentive-compatible in the sense that true preference-telling is the best strategy for the respondent. 
Traditional Probit
There are two frameworks for the probit model: the indirect utility difference by Hanemann [45] , and expenditure difference beginning with Hanemann [45] and Cameron and James [46] . We closely followed the latter, organized by Haab and McConnell [41] . Furthermore, we assumed it was consistent with linear WTP, and we assumed that the marginal utility of the offered price variable was the same as that of income; thus, income was canceled.
Hanemann [45] constructed the basic dichotomous model based on the random utility theory developed by McFadden. The indirect utility for interviewee j can be defined as
where i = 1 is the final state when the CV project is implemented, and i = 0 is the status quo; is interviewee j's income;
is a vector of the interviewee's characteristics and other attributes; and represents stochastic parts of the utility function known to the interviewee but not observable by the researcher [41] .
Assuming that the marginal utility of income does not vary in both statuses, one can derive the utility difference as follows:
where is the deterministic part of the utility, is a vector of coefficients, is a specific coefficient (which is the marginal utility of the income), and is the offered price. With the deterministic part of the preference specified, one can derive the probability of an interviewee saying yes to a WTP question as follows:
The probability of an interviewee saying no to the question will be 1 -Pr( ) . The WTP with a linear utility function can be defined as
Alternatively, based on the expenditure difference framework, the WTP is the amount of income that makes the interviewee indifferent between the status quo and the final state: 
where i = 1 is the final state when the CV project is implemented, and i = 0 is the status quo; y j is interviewee j's income; W j is a vector of the interviewee's characteristics and other attributes; and ε ij represents stochastic parts of the utility function known to the interviewee but not observable by the researcher [41] . Assuming that the marginal utility of income does not vary in both statuses, one can derive the utility difference as follows:
where V is the deterministic part of the utility, α is a vector of coefficients, β is a specific coefficient (which is the marginal utility of the income), and t j is the offered price. With the deterministic part of the preference specified, one can derive the probability of an interviewee saying yes to a WTP question as follows:
The probability of an interviewee saying no to the question will be 1 -Pr(YES). The WTP with a linear utility function can be defined as
Energies 2019, 12, 4682 6 of 18
Alternatively, based on the expenditure difference framework, the WTP is the amount of income that makes the interviewee indifferent between the status quo and the final state:
Assuming that willingness to pay WTP j is linear in attributes with an additive stochastic preference term of the interviewee, j (j = 1, . . . , n):
where γ is a vector of the coefficients, and η j is the error term following a normal distribution N(0, σ 2 ). Finally, the problem can be converted to a traditional probit model by dividing σ:
Then, one can construct the likelihood function and use commercial software, such as SAS or EViews, to estimate the coefficients, recover the preference, and calculate the WTP.
Structured Probit
The structured probit model [47] is a CVM model with a structure break. Borjas and Sueyoshi [48] used group-specific exogenous vectors and a two-stage estimator in their structured probit model. The structured probit model is new in contingent valuation, to the best of our knowledge. We use maximum likelihood to estimate coefficients directly. To merge the structural probit into the CV framework, we assume that it has a linear functional form, the general form of WTP j of the interviewee, j (j = 1, . . . , n):
where X Bj is a vector of the exogenous variables before the break (in a continuous break variable case) or of the exogenous variables associated with subgroup B (in a discrete break variable case, such as in [48] ). Similarly, X Aj is a vector of the exogenous variables after the break (in a continuous break variable case) or of the exogenous variables associated with subgroup A (in a discrete break variable case). θ 1 is a vector of the coefficients before the break (or associated with group B) and θ 2 is a vector of the coefficients after the break (or associated with group A). Assume the coefficient associated with the offered price is the same before and after the break (or for both groups in the discrete case). Further, assume the coefficient associated with the offered price is the same. Since η j follows a normal distribution N(0, σ 2 ), the problem can be converted to a structured probit model in contingent valuation by dividing σ:
One can construct the log-likelihood function to estimate the coefficients, recover the preference, and calculate the WTP, similar to the steps after Equation (7) . Since, in the extreme case, θ 1 can be identical to θ 2 , it degenerates into the traditional probit model. Thus, the probit model with a structure break is a generalization of the traditional probit model. One can estimate and find a breaking point along a continuous exogenous variable. In our application, we used a discrete exogenous variable, gender, as the structure break. Thus, it was like using a vector of dummy variables for all exogenous variables in the estimation. We used GAUSS software to write the routines and maximum likelihood estimation (MLE) to estimate the coefficients.
Survey and Statistical Data
Following Haab and McConnell's suggestion, a better survey has at least two stages [41] . Thus, we tested several versions of the pre-survey questionnaires for fluency and whether they would be easily understood by the respondents. The questionnaire followed the National Oceanic and Atmospheric Administration (NOAA) guidelines [49, 50] . The in-person survey mode was chosen, as suggested by Arrow et al. [49] . The respondents were reminded that they had a limited income and that there were many important ways to spend it. They were also reminded that there were many other important energy and ecological issues in Taiwan. All these steps were designed to reduce embedding effects and obtain reliable answers.
There were 6 parts in the survey questionnaire: (1) methods to generate electricity, (2) the third gas station and industrial harbor, (3) the algal reef ecology, (4) preference regarding the gas station or the algal reef, (5) the WTP main question, and (6) demographic data. We provided the information while collecting the respondents' attitudes and preferences. The respondents were asked to select between the construction of the third natural gas receiving station project (Group I) and the preservation of the algal reef (Group II). Then each respondent was asked separately about the WTP for her/his choice.
The official pre-survey had an open-ended format and was conducted face-to-face by a professional survey company from 12 to 14 March 2019 to obtain the frequencies of willingness to pay for both groups (Table 1 ). Then, we followed Alberini in choosing 4 offered prices for each group [51] . These offered prices were used in the closed-ended, dichotomous formal survey, and thus, there were 4 categories of questionnaires, according to the offered prices.
The offered prices were as follows: 500 and 200 New Taiwan Dollars(NTD) for Group I and Group II, respectively, in category A; 1000 NTD for Groups I and II in category B; 1500 and 1600 NTD for Group I and Group II, respectively, in category C; and 3000 NTD for Groups I and II in category D. Meanwhile, each respondent randomly answered one of the 4 questionnaires in the formal survey; the numbers of questionnaires for categories A, B, C, and D were 268, 267, 267, and 266, respectively.
The formal survey was conducted face-to-face, as suggested by the NOAA guidelines, from 13 to 29 April 2019 by the same survey company. Systematic random sampling was employed, based on the city and regional statistical report of the government. The entire country was divided into north, central, south, and east, and in each area city, zone, county, and township were the smallest sampling units. Finally, 30 cities, zones, counties, and townships were drawn, and the number of respondents in each unit was proportional to the census data. Two small island counties (Kin-men and Pen-Hu) were excluded due to time and budget constraints. The effective sample size was 1068, and under the 95% statistical confidence level, the sampling error was 3%. Table 1 . Willingness to pay (WTP) values in the official pre-survey.
Group I Prefer Gas Station
Group II Prefer Algal Reef 100  3  2  200  1  2  300  1  -500  5  1  600  1  -800  -1  1000  11  4  1200  1  1  1500  2  -1600  -1  1800  -1  2000  3  1  2400  1  1  3000  5  3  4000  1  -5000  -1  6000  1  -10,000  2  -12,000  -1  Total  38  20 Notes: All amounts are in new Taiwan dollars (NTD).
WTP Frequency Frequency
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We made the information balanced and precise. For example, we asked: Do you know that the size of the land development area of the third natural gas receiving station has been revised to 23 hectares (about as large as 15 baseball fields) and is located in the existing building area? The construction area of the offshore industrial port is also about as large as 15 baseball fields. Finally, the size of the underwater dredging area is about 60 baseball fields. All these constructions will cause damage to the ecology of the algae reef. (1) Yes, I know; (2) No, I do not know.
Each interviewer wore ID and took the questionnaire and gifts to the sampled places to conduct the interviews. Visual conditions can affect the WTP in coral studies [32, [52] [53] [54] . Thus, as suggested by the NOAA guidelines to provide clear color photos, we provided photos of the algal reef and a photo showing an area out of electricity to remind the respondents of the importance of the gas station to ensure better provision of electricity ( Figure 3 ) [46, 49] . fields. Finally, the size of the underwater dredging area is about 60 baseball fields. All these constructions will cause damage to the ecology of the algae reef. (1) Yes, I know; (2) No, I do not know. Each interviewer wore ID and took the questionnaire and gifts to the sampled places to conduct the interviews. Visual conditions can affect the WTP in coral studies [32, [52] [53] [54] . Thus, as suggested by the NOAA guidelines to provide clear color photos, we provided photos of the algal reef and a photo showing an area out of electricity to remind the respondents of the importance of the gas station to ensure better provision of electricity ( Figure 3 ) [46, 49] . First, the respondent chose between options G and R (Table 2) , where option G is the gas station construction (with certain damage to the algal reef), and option R is no construction (thus, the algal reef is relatively well protected). Then, the respondent answered the closed-ended, willingness-topay question.
Suppose the respondent randomly faced the category D questionnaire. She/he first had to choose between options G and R ( Table 2 ). The respondent was classified as Group I if she/he chose option G, and was classified as Group II if she/he chose option R. Participants who were classified into Group I were then told that option G was now associated with a payment (Table 3 ). If the respondent chose option G again, then she/he was considered as saying yes to the offered price of 3000 NTD. If the respondent chose option R in this round, then she/he was considered as saying no to the offered price.
Similarly, those in Group II were told that option R was now associated with a payment. The respondent then chose between options G and R in a table similar to Table 2 , but with a positive payment associated with option R and zero payment associated with option G. Table 4 summarizes the frequencies and percentages of the answers. First, the respondent chose between options G and R (Table 2) , where option G is the gas station construction (with certain damage to the algal reef), and option R is no construction (thus, the algal reef is relatively well protected). Then, the respondent answered the closed-ended, willingness-to-pay question.
Suppose the respondent randomly faced the category D questionnaire. She/he first had to choose between options G and R ( Table 2 ). The respondent was classified as Group I if she/he chose option G, and was classified as Group II if she/he chose option R. Table 2 . Options for pro-gas and pro-reef.
Dimension

Option G Option R
Build the Third Natural Gas Receiving Station and the Industrial Harbor Protect the Algal Reef Electricity
Backup electricity capability increases 2.6% Backup electricity does not increase
Ecology
Algal reefs on land or in the sea will be damaged to a certain extent Algal reef is preserved Participants who were classified into Group I were then told that option G was now associated with a payment (Table 3 ). If the respondent chose option G again, then she/he was considered as saying yes to the offered price of 3000 NTD. If the respondent chose option R in this round, then she/he was considered as saying no to the offered price. Similarly, those in Group II were told that option R was now associated with a payment. The respondent then chose between options G and R in a table similar to Table 2 , but with a positive payment associated with option R and zero payment associated with option G. Table 4 summarizes the frequencies and percentages of the answers. The no rate increased as the bid price increased, with 2 exceptions, which was consistent with our expectations. Meanwhile, the no rate for preferring to protect the algal reef tended to be low. The reason is that in the formal survey questionnaire, the harbor (and its damage to the algal reef) was included as part of the gas station construction because we found out that the sole purpose of the new harbor will be to service the gas station (while the harbor was not in the official pre-survey questionnaire). The demographic aspects of the survey were similar to those of the Census Bureau records, except that the education level was higher.
Results and Discussion
The descriptive statistics of the formal survey are presented in Table 5 . Since many estimations are separately presented for each group, Table 5 shows the descriptive statistics for Groups I and II.
We estimated several parametric models and a nonparametric model as the model specification tests to obtain reliable estimates. These were the traditional and structured probit models for each group separately and the Turnbull nonparametric model.
First, we estimated the probit for Groups I and II separately ( Table 6 ). The offered prices were negative and significant, as expected. For Group I, the WTP measured how strongly respondents preferred construction of the natural gas station. Those whose knowledge came from the Taiwan Power Company had a lower WTP. Those whose knowledge came from the environmental group had a higher WTP. In addition, those who understood that sand moved by construction in the sea would be the cause of damage to the algal reef had a higher WTP.
For Group II, the WTP measured how strongly respondents preferred protection of the algal reef. Men had a higher WTP, elders had a lower WTP, and those with no strong preference regarding political party had a higher WTP. Finally, respondents from larger families had a lower WTP. The likelihood tests for each estimation passed the significance level at 99%, indicating that the estimations were reliable.
We then estimated the structured probit for Group I (those who preferred construction of the natural gas station) and Group II (those who preferred protection of the algal reef). The structured probit we employed is consistent with the single-bounded probit model (as in Haab and McConnell) [39] but allows a structure break. The structure break makes the model more flexible than the traditional binary probit model. A typical structure break is based on a continuous variable; here, we based this on a discrete variable (gender); thus, the effect is like using a dummy variable on all coefficients. Furthermore, it was consistent with linear WTP, and we assumed that the marginal utility of the offered price variable was the same as that of income; thus, income was canceled. We tried family or age as the threshold coefficient, and while there was no qualitative difference, gender had the best overall performance econometrically. Note: *, **, and *** denote significance at the 10%, 5%, and 1% level, respectively.
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The offered price was negative and significant, as expected in the structured probit for Group I ( Table 7) . The WTP measured how strongly the respondent preferred construction of the natural gas station. Men in Group I, whose knowledge came from the electric company, had a lower WTP, and older women had a higher WTP. In addition, both genders had a higher WTP as long as they understood that sand moved by construction in the sea would be the cause of damage to the algal reef. The likelihood test passed the significance level at 99%, indicating that the estimations were reliable. These results are similar to those in Table 6 ; thus, justifying our model specifications. Notes: *, **, and *** denote significance at the 10%, 5%, and 1% level, respectively. a,b: Due to the model framework, there was only one offered price coefficient and one constant. The structured probit was based on gender. There were 134 women and 145 men in Group I.
The offered price was negative and significant, as expected in the structured probit for Group II (Table 8 ). Please note that the WTP measured how strongly the respondent preferred protection of the algal reef. Elders had a lower WTP, despite gender. Men in Group II whose knowledge came from the electric company had a lower WTP. In addition, both genders had a higher WTP as long as they understood that sand moved by construction in the sea would be the cause of damage to the algal reef. The likelihood test also passed the significance level at 99%, indicating that the estimations were reliable. Notes: *, **, and *** denote significance at the 10%, 5%, and 1% levels, respectively. a,b: Due to the model framework, there was only one offered price coefficient and one constant. Structured probit was based on gender. There were 385 women and 404 men in Group II.
We asked those who were willing to pay about their preferred mode of payment (Table 9 ). Most people preferred an increased electricity bill, followed by tax. We used these modes, as suggested by the literature, as exogenous variables and the results are robust. To be more confident in the results, we also estimated a nonparametric Turnbull model [41] . There are five merits to this method: (1) the restriction is minimized when calculating the WTP, (2) it does not require any assumptions of the distribution of the WTP, (3) the transparency of the process makes it a credible valuation method, (4) the WTP obtained is free from the impact of outliers, and (5) the sign of the WTP estimated using the Turnbull model is always as expected [41] .
The percentage of respondents who are unwilling to pay may not monotonously increase when the offered price increases if the sample size is not large enough, there are too many offered prices, or the difference between the offered prices is small. Turnbull (1976) resolved this issue by pooling back categories to ensure monotonicity.
Equations (10) and (11) are Turnbull's nonparametric lower bound mean and lower bound variance of WTP, respectively. One can use the mean and the variance to calculate the 95% confidence interval (C.I.):
In Equations (10) and (11), E LB (WTP) is Turnbull's nonparametric lower bound mean WTP, M * is the total number of categories after pooling back, V(E LB (WTP)) is Turnbull's nonparametric lower bound variance of WTP, t j is the offered price in each category (four categories for each group in this study), T j * is the number of observations in each category after pooling back, F j is the no rate, and F j * is the no rate after pooling back. Following Haab and McConnell [41] , we conducted the nonparametric Turnbull estimation for those who preferred construction of the natural gas station (Table 10 ) and those who preferred protection of the algal reef (Table 11) .
With the numbers in Tables 10 and 11 , we used Equations (10) and (11) to calculate Turnbull's nonparametric lower bound mean WTP and the variance of WTP. Then, using the mean and variance, we calculated the 95% C.I. as usual ( Table 12 ). The mean WTP for Group I, who preferred construction of the natural gas station, was USD55.905 per person per year. The 95% C.I. was between USD53.150 and 58.659. Furthermore, the mean WTP for Group II, who preferred protection of the algal reef, was USD36.160 per person per year, with the 95% C.I. between USD31.699 and 40.621. However, only 279 respondents supported the gas receiving station, outnumbered by 789 respondents who supported preservation of the algal reef. Please note that a total of 30.52% of respondents were unwilling to pay. Indeed, this is a high percentage that cannot go unnoticed if the objective is to extrapolate measures of Energies 2019, 12, 4682 13 of 18 payment to the entire Taiwanese population. The magnitudes and even signs of WTP obtained by parametric models are often not plausible [41] . The nonparametric Turnbull model always produced WTP values with signs as expected; thus, we provide the nonparametric WTP results. Notes: When the offered price increased from 1500 to 3000 NTD, the no rate (number of those saying no to the offered price divided by Nobs) did not monotonically increase (column 5); thus, the fourth row was pooled back. Tj is the number of observations in each category, Tj is the number of observations in each category, Tj* is the number of observations after pooling back, Nj is the number of nos, Fj* is the no rate after pooling back, and fj* is the change of the no rate after pooling back. Notes: When the offered price increased from 1000 to 1600 NTD, the no rate did not monotonically increase (column 5); thus, the third row was pooled back. Tj is the number of observations in each category, Tj is the number of observations in each category, Tj* is the number of observations after pooling back, Nj is the number of nos, Fj* is the no rate after pooling back, and fj* is the change of the no rate after pooling back.
The CPC company plans to invest USD20 billion (i.e., 20 thousand million) in this project. The planned quantity of LNG to be transported through tank ships will be three million tons per year beginning in 2025. The user price of natural gas is around USD0.33 to 0.39 per cubic meter, depending on the user (private electric company, household, public unit, etc.) and the season (summer, winter). Thus, the natural gas transported by the third natural gas station will be about USD1306-1544 million per year. Carbon dioxide (CO 2 ) efficiency is 1.753 tons CO 2 /ton LNG vs. 2.535 tons CO 2 /ton of coal. Thus, transporting LNG through this station rather than using coal would reduce CO 2 emissions by 2.346 million tons. Multiplied by the European Union market price of USD21.8-22.2 per ton, the environmental benefit from reducing CO 2 emissions would be about USD 51.18-52.25 million per year. In addition, the electricity produced by LNG transported through this project would be about half that of a nuclear power plant. Thus, both the benefits and costs are significant. The WTP values obtained in this research make sense and are justified by both domestic and international comparisons among similar studies. While it is not easy to compare our research to that of Kim et al. [24] , both our research and theirs found that the natural-gas-related value is high. In addition, our natural-gas-related value estimates are somewhat higher than those of Damigos et al., Jang et al., Moreira and Caetano, and Kim et al. [11, [21] [22] [23] . This could be due to the fact that the goods evaluated (LNG station and harbor vs. natural gas (NG) storage proportion, marine-use LNG, or residential-use LNG), methods (dichotomous CVM vs. choice experiment, Tobit, and the ordinary least squared regression), years, and countries in the studies were different.
Algal reefs are rarer than coral reefs. Only one study has estimated the value of algal reefs [7] . Hsu et al. used the probit and logit models to estimate the value of the Taoyuan algal reef ecosystem and found that willingness to pay was valued at USD14.11 and USD15.08, respectively [6] . Compared to previous Taiwanese studies, the current research obtained higher values for preservation of the algal reef than Hsu et al. [7] . A possible reason is that in March 2019, the Taoyuan algal reef was listed as the first marine Hope Spot in East Asia by the international conservation organization Mission Blue. Additionally, the reef has been reported on frequently by the media since 2014 and has become a focal point of energy, environment, economics, and politics in Taiwan. Media reports can affect people's viewpoints. Furthermore, the energy quarries in the referendum in 2018 also increased citizens' awareness of the algal reef at Datan. In addition, the current research estimated the values of both the pro-algal-reef and pro-gas groups, while Hsu et al. only estimated the value of protecting the reef. Thus, the current research has a larger scope. Furthermore, the sample size of the current research was larger than that in Hsu et al. [7] .
Several research studies have investigated the value of coral reefs in Taiwan, varying in terms of location, scenario (climate change, oil spread, etc.), and method. Tseng et al. estimated the potential damage to coral reefs in Taiwan caused by climate change [36] . They found the average annual personal willingness to pay to be valued at around USD35.75. Chen et al. estimated the economic loss due to an oil spill in Kenting National Park in Taiwan [37] and found an average WTP value of USD44.66 per person per year. Maynard et al. estimated the value of coral ecosystems in Kenting National Park and found the average value to be USD80. 16 per person per year [27] . Finally, Lee et al. found that the average value of integrated management for the ecosystem, including a 25% increase in coral coverage was about USD6.02 per trip [38] .
There are more than 100 estimates of coral reefs in other countries. Though they are not directly comparable based on algal reef vs. coral reef, different methods, different units, etc., we tried to compare the results of selected studies. For example, Brander et al. used meta-analysis based on many other studies and found that the worldwide average value of coral reef recreation was USD184 per person per visit [26] . Recently, Robles-Zavala and Reynoso [52] determined the recreational value of coral reefs for domestic and international tourists at the three major tourist spots in the Mexican Pacific. Using the dichotomous choice contingent valuation method, they found willingness to pay to be valued at USD5.79 for conservation activities.
We reviewed several selected CVM studies that estimated coral reef-related values. For example, Park et al. found snorkeling visits to the Florida Keys were valued at USD43.7 per person per day [30] . Bhat found that the Florida Keys reef-related value was USD134.0-196.7 per person per day [31] . Mathieu et al. found the value of marine parks in the Seychelles to be USD13.1 per person per day [33] . Anderson found the recreational cost of coral bleaching of international tourists to be valued at USD49.7-117.4 per person per day [32] . Finally, Asafu-Adjaye and Tapsuwan found the value of scuba diving in Mu Ko Similan Marine National Park, Thailand, to be USD24.8-62.6 per person per day [34] .
The WTP in the current research is higher than that of Hsu et al. [7] and Lee et al. [38] and comparable to Tseng et al., while it is lower than that of Chen et al. and Maynard et al. [27, 36, 37] . Compared to coral reef values in other countries, our findings are higher than those of Mathieu et al. [31] and Robles-Zavala and Reynoso [51] , comparable to those of Park et al., and lower than those of Bhat, Anderson, and Brander et al. [26, [30] [31] [32] . Despite the fact that there may be bias caused by relatively high education levels in our sample, the value estimates of the current research appear to be bounded by similar studies both domestically and internationally. Therefore, the values obtained by the current research are justified.
Conclusions
In Taiwan, as in many other countries, opinions regarding energy-related facilities are diverse. This implies that when estimating social acceptance, different methods are needed. Therefore, we estimated willingness to pay to show the strength of both the group in favor of the gas receiving station and the group in favor of preservation of the algal reef to help with decision-making. Parametric models, including the traditional probit and structured probit for each group, were used for efficiency. We also estimated a nonparametric model to obtain reliable willingness to pay values.
We found that the value for each group of Taiwanese people was high. The mean WTP for those who preferred construction of the natural gas station and the harbor was USD55.905 per person per year, while the mean WTP for those who preferred protection of the algal reef was USD36.160 per person per year. However, the percentage of pro-reef respondents was higher than the percentage of pro-gas-station respondents. Therefore, the overall strength for the algal reef was about 1.83 times more than for the gas receiving station. The policy implication of our finding is that the third natural gas station should be reconsidered, and it might be necessary to find other energy projects or energy-saving measures. These results can be a reference for the Taiwanese government to make an informed decision.
This research fills a gap in the studies evaluating the environmental impact of natural gas construction and adds to the limited algal reef valuation literature. Many positive and negative externalities have been considered. Compared to a very expensive political referendum that can be adopted in an election, this paper provides low-cost approaches, and countries may use it to help formulate their energy/ecology policy to overcome demanding decision challenges in complex real-world phenomena. 
